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ABSTRACT: The a u t h o r  d e s c r i b e s  t h e  d e v e l c p m e n t  
of a i r c r a f t ,  ae rodynamic  and hydrodynamic  s t u d i e s  
a t  t h e  C e n t r a l  I n s t i t u t e  of  Aerohydrodynamics  
i m e n i  N . Y e .  Zhukovskiy  from i t s  f o u n d i n g  i n  1918  
t o  t h e  p r e s e n t .  The p r o b l e m s  e n c o u n t e r e d  i n  t h e  
s t u d i e s ,  and  t h e  s u c c e s s f u l  s o l u t i o n s  and a c h i e v e -  
m e n t s  a re  d e s c r i b e d .  

/34* - A h a l f  a c e n t u r y  a g o ,  i n  December o f  1 9 1 8 ,  t h e  C e n t r a l  I n -  
s t i t u t e  of Aerohydrodynamics  - t h e  T s A G I  - w a s  founded  u n d e r  t h e  
i n s t r u c t i o n s  of  V . I .  Len in .  T h i s  i n s t i t u t e  w a s  o r g a n i z e d  on t h e  
i n i t i a t i v e  o f  one  o f  t h e  g r e a t e s t  s c i e n t i s t ?  of  t h e s e  t L m e s  - 
N . Y e .  Zhukovskiy ,  whose name it now b e a r s .  

The T s A G I  w a s  one  of  t h e  f irst  i n s t i t u t e s  o f  a new t y p e .  A S  
is w e l l  known, t h e  S t a t e  I n s t i t u t e  of  O p t i c s ,  t h e  P h y s i c o t e c h n i c a l  
I n s t i t u t e  of  t h e  Academy S c i e n c e s  of t h e  U.S.S.R., t h e  S c i e n t i f i c - -  
Research P h y s i c o c h e m i c a l  I n s t i t u t e  i m e n i  L . Y a .  k a r p o v ,  and  a number 
of o t h e r  e s t a b l i s h m e n t s  which  would b e  t h e  p r i n c i p a l  g r o u n d s  f o r  
t h e  deve lopmen t  o f  t h e  c o r r e s p o n d i n g  f i e l d s  o f  s c i e n c e  and t e c h -  
no logy  were a l s o  o r g a n i z e d  d u r i n g  t h e s e  F l i f f i c u l t  y e a r s  of S o v i e t  
government .  The T s A G I  w a s  e n t r u s t e d  w i t h  t h e  t a s k  o f  w o r k i n g  o u t  
t h e  s c i e n t i f i c  p r i n c i p l e s  f o r  t h e  d e v e l i 2 m e n t  o f  a v i a t i o n  a n d  o t h e r  
b r a n c h e s  o f  t e c h n o l o g y ,  f o r  wh ich  s u c h  ' . r a n c h e s  o f  a p p l i e d  m e c h a n i c s  
a s  a e r o d y n a m i c s ,  hydrodynamics ,  s t r e n b t n  and  s o l i d - s t a t e  dynamics  
a l s o  had a d e t e r m i n a n t  v a l u e .  D u r i n g  tile i n i t i a l  p e r i o d ,  i n  a d d i -  
t i o n  t o  t h e  s c i e n t i f i c  p r o b l e m s ,  t h e  I n . ; t i t u t e  s t u d i e d  t h e  d e s i g n  
and c o n s t r u c t i o n  of  e x p e r i m e n t a l  a i - c r a f t .  T h i s  p rob lem was s o l v e d  
s u c c e s s f u l l y  u n d e r  t h e  d i r e c t i o n  of A . N .  Tupo lev .  

The s t u d i e s  c a r r i e d  o u t  i n  t h e  T s A 1 . I  w t r e  t h e  s c i e n t i f i c  b a s i s  
f o r  t h e  deve lopmen t  o f  S o v i e t  a v i a r : o n a k ,  r o c k e t  and  s p a c e  t e c h -  
no logy .  Both i n  t h e  t h e o r e t i c a l  a s p e c t  and  i n  t h e  a p p l i c a t i o n s  t o  
t h e  p rob lems  of a i r c r a f t  t e c h n o l o g y ,  t h e y  were d i r e c t e d  a a i c l y  t o -  
ward t h e  deve lopmen t  of t h r e e  main d i v i s i o n s  o f  m e c h a n i c s  - aero-  
hydrodynamics ,  dynamics  and  s t r e n g t h .  

Aerodynamics and Dynamics.  The  . ; t u d i e s  i n  t h e  f i e l d  of  t h e  
r e c h a n i c s  of f l u i d s  and g a s e s  c a r r i e d  o u t  by t h e  s c i e n t i s t s  o f  t h e  
T s A G I  wer= a l w a y s  s u b j e c t  t o  p rob lems  c o n n e c t e d  w i t h  s t r e a m l i n e  

~ ~~ 

Numbers i n  t h e  m a r g i n  i n d i c a t e  p a g i n a t i o n  i n  t h e  f o r e i g n  t e x t .  
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A p p l i e d  a e r o d y n a m i c s  d e v e l o p e d  i n  c o n n e c t i o n  w i t h  a s e a r c h  
f o r  ways o f  d e c r e a s i n g  t h e  head  r e s i s t a n c e  o f  a n  a i y c r a f t :  g a t h e r -  
i n g  i n  + h e  a l i g h t i n g  g e a r ,  i m p r o v i n g  t h e  s h a p e s  o f  t h e  f u s e l a g e  
and  o t h e r  e l e m e n t s  o f  t h e  a i r c r a f t ,  i n t r o d u c i n g  s p e c i a l  s y s t e m s  
wk'ch improve  t h e  c o o l i n g  o f  t h e  e n g i n e 5  and  h a v e  l o w  heaci r e s i s t -  
a n c t  ( K . A .  Ushakov,  V . G .  N i k o l a y e n k c ,  A . K .  Mar tynov ,  S.L. Z a k ,  
A . I .  S i l ' m a n ) ,  and p r e s s u r i z a t i o n  cf t h e  e n t i r e  a i r c r a f t  (I.V. 
O s t o s l a v s k i y ,  Y e . 1 .  K o l o s o v ) .  

Among t h e  most  i m p o r t a n t  p r o b l e m s  s o l v e d  b y  t h e  I n s t i t u t e ,  
t h e r e  was t h e  d e s i g n i n g  o f  e x p e r i m e n t a l  e q u i p m e n t  and t h e  d e v e l o p -  
ment o f  s c i e n t i f i c a l l y  sound  m e t h o d s  a n d  t e c h n i q u e s  f o r  t h e  e x -  
p e r i m e n t .  The T s A G I  was e q u i p p e d  w i t h  f i r s t - c l a s s  l a b o r a t o r i e s  
and  wind t u n n e l s .  A neh- a e r o d y n a m i c  c e n t e r  w i t h  wind  t u n n e l s  w h i c h  
c o u l d  t e s t  a i r c r a f t  on f u l l  s c a l e  (B.Ya. K u z n e t s o v ,  K . N .  S u r z h i n ,  
S .S .  Sopman, K . K .  B a u l i n ,  k . A .  Ushakov,  B . A .  Ushakov,  G . M .  Eiasiny- - / 3 8  
a n t s )  and  w i t h  d e v i c e s  f o r  s t u d y i n g  t h e  s t r e n g t h  of a v i 3 t i o n a l  
s t r u c t u r e s  was f o u n d e d  i n  1934-1939.  

A t  t h e  b e g i n n i n g  of  t h e  1 9 4 0 ' s ,  combat  a i r c r a f t  w h i c h  had  r a t h e r  
l o w  r e s i s t a n c e  were c o n s t r u c t e d  a s  a r e s u l t  of  s t u d i e s  c a r r i e d  o u t  
on  f u l l - s c a l e  t u n n e l s .  The  s t u d i e s  o n  f u l l - s c a l e  t u n n e l s  a i d e d  i n  
i n c r e a s i n g  t h e  f l i g h t  s p e e d s  of  a i r c r a f t  a n d  i m p r o v i n g  t h e i r  n a v i -  
g a t i o n  c h a r a c t e r i s t i c s  a n d  t a k e - o f f - l a n d i n g  q u a l i t i e s  d u r i n g  World 
War 11. 

F u n d a m e n t a l  i n v e s t i g a t i o n s  of  t h e  wing  t h e o r y  a n d  numerous  t x -  
p e r i m e n t s  a l l o w e d  s c i e n t i s t s  t o  p r o p o s e  t h e  p r i n c i p l e s  o f  t h e  aero-  
dynamic  d e s i g n  of  a h i g h - s t a b i l i t y  w i n g  f o r  l a r g e  a n g l e s  of a t t a c k  
a t  t h e  b e g i n n i n g  of t h e  1 9 4 0 ' s  (A.B. R i s b e r g ,  P.P. K r a s i l ' s h c h i k o v ,  
F.G. G l a s s ) ;  t h i s  made it F o s s i b l e  t o  i n c r e a s e  t h e  s a f e t y  of f l i g h t s  
t o  a g r e a t  e x t e n t .  

I n  t h e  f i e l d  o f  f l i g h t  d y n a m i c s ,  o n e  of  t h e  mos t  i m p o r t a n t  p r o -  
blems o f  g u a r a n t e e i n g  a s a fe  r e c o v e r y  f rom a s p i n  w a s  s o l v e d  (A.N. 
Z h u r a v c h e n k o ,  V . S .  Pyshnov ,  Y e . A .  P o k r o v s k i y ) ,  a n d  a s y s t e m  o f  
c r i t e r i a  for s e l e c t i n g  t h e  r e q u i s i t e  s t a b i l i t y  a n d  c o n t r o l l a b i l i t y  
c h a r a c t e r i s t i c s  w a s  c o n s t r u c t e d  ( V . N .  Matveyev ,  Y e . 1 .  K o l o s o v ,  M.L.  
M i l ' ) .  Methods of c a l c u l a t i n g  t h e  s t a b i l i t y  a n d  c o n t r o l l a b i l i t y  
of a n  a i r c r a f t  w i t h  e f f e c t i v e  p r o p e l l o r  were c o n s t r u c t e d  on  t h e  
b a s i s  o f  s t u d i e s  on f u l l - s c a l e  wind t u n n e l s .  

T h e  r e s u l t  o f  s t u d i e s  a t  t h e  T s A G I  i n  t h e  f i e l d  o f  a p p l i e d  
a e r o d y n a m i c s  o f  a n  a i r c r a f t  f o r  a s p e c i f i e d  r a n g e  o f  f l i g h t  s p e e d s  
was t h e  b a s i c  theme o f  t h e  "Rukovods tvo  d l y a  k o a s t r u k t o r o v "  (Manua l  
for D e s i g n e r s ) ,  wh ich  was p u b l i s h e d  i n  1 9 4 3 ,  and  w h i c h  c o n t a i n e d  
t h e  p r i n c i p a l  m a t e r i a l s  o f  e x p e r i m e n t a l  s t u d i e s ,  c a l c u l a t i o n  m e t h o d s  
and  a e r o d y n a m i c  d e s i g n i n g  o f  a n  a i r c r a f t .  

T r a n s o n i c  S p e e d s .  D u r i n g  t h e  end o f  t h e  1 9 3 0 ' s  and  t h e  b e -  
g i n n i n g  o f  t h e  1 9 4 0 ' s ,  t h e  n e e d  for d e v e l o p i n g  t h e o r e t i c a l  and  
e x p e r i m e n t a l  s t u d i e s  i n  t h e  f i e l d  of t h e  a e r o d y n a m i c s  of a com- 
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p r e s s i b l e  f l u i d  a r o s e  i n  c o n n e c t i o n  w i t h  t h e  i n c r e a s i n g  r e q u i r e n e n t s  
imposed on t h e  s p e e d s  o f  a i r c r a f t .  Among t h e  f i r s t  s t u d i e s  o f  t h e  
I n s t i t u t e  i n  t h i s  new f i e l d ,  w e  s h o u l d  name t h e  g e n e r a l i z a t i o n  o f  
Z h u k o v s k i y ' s  t h e o r e m  f o r  t h e  c a s e  of a c o m p r e s s i b l e  g a s  f o r  s u b -  
s o n i c  f l i g h t  s p e e d s  ( M . V .  K e l d y s h ,  F . I .  F r a n k l ' ) .  The t h e o r y  w a s  
d e v e l o p e d ,  and  t h e  methocls were c o n s t r u c t e d ,  for c a l c c i a t i n g  t h e  
s t r e a m l i n i n g  of  a p r o f i l e  a t  h i g h  s u b s o n i c  s p e e d s ;  t h e  f o r m e r  were 
b a s e d  on  t h e  i d e a  p r o p o s e d  a t  t h e  b e g i n n i n g  o f  t h e  XXth c e n t u r y  by  
S . A .  C h a p l y g i n ,  c o n c e r n i n g  t ? e  l i n e a r i z a t i o n  of  e q u a t i o n s  o f  m o t i o n  
o f  a g a s  by  t r a n s f e r r i n g  t o  t h e  p l a n e  o f  t h e  v e l o c i t y  h o d o g r a p h  
(S.A. K h r i s t i a n o v i c h ) .  T h e r e  a l s o  a p p e a r e d  t h e o r e t i c a l  s t u d i e s  
w h i c h  c l a r i f i e d  t h e  p r o p e r t i e s  o f  t r a n s o n i c  g a s  f l o w s  ( F . I .  F r a n k l ' ,  
A . A .  N i k o l ' s k i y ,  G . I .  T a g a n o v ) .  

I m p o r t a n t  works  on  t h e  d e v e l o p m e n t  o f  t h e  t h e o r y  and t h e  c o n -  
s t r u c t i o n  of  m e t h o d s  f o r  c a l c u l a t i n g  t h e  b o u n d a r y  l a y e r  i n  a c o n -  
p r e s s i b l e  g a s  were c a T r i e d  o u t  a t  t h e  T s A G I  p a r a l l e l  w i t h  t h e  s t u d y  
o f  t h e  d y n a m i c s  for m o t i o n  o f  a n o n v i s c o u s  g a s .  The t r a n s f o r m a t i o n  
which  r e d u c e s  t h i s  p r o b l e m  t o  m a t h e m a t i c a l l y  e q u i v a l e n t  e q u a t i o n s  
o f  t h e  b o u n d a r y  l a y e r  i n  a n  i n c o m p r e s s i b l e  f l u i d  (A.A. D o r o d n i t s y n )  
p l a y e d  t h e  d e t e r m i n a n t  r o l e  h e r e .  

The e s t a b l i s h m e n t  o f  r u l e s  f o r  f l o w s  a t  s u b c r i t i c a l  a n a  s u p e r -  
c r i t i c a l  s p e e d s ,  a n d  t h e  d e v e l o p m e n t  of  a e r o d y n a m i c  d e s i g n s  o f  
a i r c r a f t  s a t i s f y i n g  t h e  s t a b i l i t y ,  c o n t r o l l a b i l i t y  and  f l i g h t  s a f e t y  
r e q u i r e m e n t s ,  became p o s s i b l e  b e c a u s e  of t h e  v a r i a b l e - d e n s i t y  t r a n -  
s o n i c - v e l o c i t y  wind t u n n e l  c o n s t r u c t e d  a t  T s A G I  (S . A .  Khr i s t i a n o v i c h ,  
G . N .  Abramovich ,  M . V .  G l a z e r ,  I . P .  G o r s k i y ,  S . A .  D o v z h i k ,  A.P. 
K o v a l e v ) .  

The s t u d i e s  of t r a n s o n i c  f l o w s  were expanded  r a d i c a l l y  i n  1 9 4 7 ,  
when a wind t u n n e l  w i t h  p e r f o r a t e d  w a l l s  i n  t h e  e f f e c t i v e  p a r t ,  
which  a l l o w e d  e x p e r i m e n t s  w i t h  c o n t i n u o u s  t r a n s i t i o n  t h r o u g h  t h e  
s p e e d  of  s o u n d ,  was s e t  t o  w c r k  a t  T s A G I  (S . .4 .  K h r i s t i a n o v i c h ,  S.A. - / 3 9  
A r i s t a r k h o v ,  B . V .  B e l y a n i n ,  V . G .  G a l ' p e r i n ) .  S u b s e q u e n t l y ,  i m -  

- G r R e l a t i v e  c h a n g e  i n  C, =- G(m<pR) head  r e s i s t a n c e  

I 
- 1  

E f f e c t  o f  Wing Shape  on Shock Drag  i n  T r a n s i t i o n  t o  
S u p e r s o n i c  F l i g h t  S p e e d s  
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p o r t a n t  p r o p e r t i e s  o f  p e r f o r a t e d  b o u n d a r i e s  w i t h  5 0 % - p e n e t r a b i l i t y  
were d i s c o v e r e d  - t h e  a b i l i t y  t o  quench  s t r o n g  d i s t u r b a n c e s  a n d  
e l i m i n a t e  n o n u n i f o r m i t y  i n  a s u p e r s o n i c  f l o w  ( G . P .  S v i s h c h e v ,  G . L .  
G r o d z o v s k i y ,  A . A .  N i k o l ' s k i y ,  G . I .  T a g a n o v ) .  

E x t e n s i v e  e x p e r i m e n t a l  s t u d i e s  bFough t  a b o u t  t h e  e s t a b l i s h -  
m e n t  o f  a number o f  p r o p e r t i e s  o f  t r a n s 9 n i c  f l o w s  w i t h  l o c a l  s u p e r -  
s o n i c  z o n e s ,  e . g . ,  t h e  p r o p e r t i e s  o f  s t a b i l i z a t i o n  o f  l o c a l  Ma num- 
b e r s  on i s o l a t e d  p r o f i l e s  ( S . A .  K h r i s t i a n o v i c h ,  V . G .  p a l ' p e r i n ,  
I . P .  G o r s k i y ,  A.P .  K c v a l e v )  and p r o f i l e s  w i t h  r u d d e r  a : d  a i l e r o n  
( G . P .  S v i s h c h e v ) .  The p r o p e r t i e s  of Flows d u e  t o  t h e  s i m u l t a n e o u s  
e f f e c t  of  c o m p r e s s i b i l i t y  and  v i s c o s i t y  o f  t h e  a i r  and  t h e  d i s -  
t u r b i n g  s u b s t a n t i a l  c h a n g e s  i n  a e r o d y n a m i c  c h a r a c t e r i s t i c s  were  
a l s o  s t u d i e d .  

A l l  t h e  s t u d i e s  c a r r i e d  o u t  a i d e d  i n  c o n s t r u c t i n g  t h e  m e t h o d s  
f o r  a e r o d y n a m i c  c a l c u l a t i o n  o f  p r o f i l e s  a n d  for o b t a i n i n g  t h o s e  
s h a p e s  o f  t h e  l a t t e r  f o r  wh ich  t h e  d e v e l o p m e n t  o f  a s h o c k  s t a l l  
was d i s p l a c e d  i n  t h e  r a n g e  o f  g r e a t e s t  p o s s i b l e  s p e e d s  ( P . P .  Kras i l '  
s h c h i k o v ,  G.P. S v i s h c h e v ,  Y a . M .  S e r e b r i y s k i y ,  M . V .  Ryzhkova and  
R.I. S h t e y n b e r g ) .  S u b s e q u e n t l y ,  a e r o d y n a m i c  a r r a n g e m e n t s  o f  w i n g s  
d e s i g n e d  f o r  h i g h  s u b s o n i c  f l i g h t  s p e e d s  were d e v e l o p e < .  The w i n g s  
of t h e s e  n a t i v e  a i r c r a f t  b e g a n  t o  b e  d e s i g n e d  s o l e l y  f r o m  t h e  wing  
p r o f i l e s  o f  T s A G I  . 

Great i m p o r t a n c e  i n  t h e  a c t i v i t y  o f  T s A G I  was g i v e n  t o  t h e  
s t u d y  o f  t h e  a e r o d y n a m i c  p r o p e l l e r s  o f  a i r c r a f t .  The c o n s t r u c t i o n  
o f  t h e  t h e o r y  o f  a p r o p e l l e r  w i t h  a n  i n f i n i t e l y  l a r g e  number of  
b l a d e s  i n  a c o m p r e s s i b l e  medium b e g a n  i n  1 9 3 6 ;  i n  1 9 4 2 ,  t h e  t h e o r y  
o f  a p r o p e l l e r  w i t h  a f i n i t e  number o f  b l a d e s  was d e v e l o p e d  ( F . I .  
F r a n k l ' ) .  E x p e r i m e n t a l  s t u d i e s  were c a r r i e d  o u t  i n  o r d e r  t o  ex -  
p l a i n  t h e  e f f e c t  o f  c o m p r e s s i b i l i t y  ( D . V .  K h a l e z o v ,  B .P .  B lyokhman) ,  
p a r t i d u l a r l y  on d r a i n e d  p r o p e l l e r s  ((2.1. Maykapar ,  V . V .  K e l d y s h ,  
V . I .  Ganabov) .  A s  a r e s u l t  o f  t h e s e  s t u d i e s ,  h i g h l y - e f f e c t i v e  
p r o p e l l e r s  were d e s i g n e d  for t h e  TU-114 and  A N - 2 2  a i r c r a f t  w i t h  
p r o p j e t  e n g i n e s  ( D . V .  K h a l e z o v ,  B .P .  Blyakhman,  S .L .  B e l k i n ,  and  
o t h e r s ) .  

The  a p p l i c a t i o n  o f  j e t  e n g i n e s ,  w h i c h  p e r m i t t e d  o b t a i n i n g  
v e l o c i t i e s  c l o s e  t o  t h e  s p e e d  o f  s o u n d ,  was a n  i m p o r t a n t  s t e p  i n  
t h e  d e v e l o p m e n t  o f  a v i a t i o n .  T h i s  b r o u g h t  a b o u t  t h e  t r a n s i t i o n  
t o  a r r o w h e a d  and  t h i n  w i n g s  oE small  s p a n  w h i c h  had less wave d r a g  
and t h e  r e q u i s i t e  s t a b i l i t y  c h a r a c t e r i s t i c s .  The t h e o r y  o f  t h e  
l i f t i n g  l i n e  was expanded  f o r  t h e  case o f  a s l i p  wing  w i t h  a t h i n  
f u s e l a g e  ( A . A .  D o r o d n i t s y n ) ,  and  a s i m p l i f i e d  method f o r  p r a c t i c a l  - / 4 0  
d e s i g n  o f  a s w e p t  wing was p r o p o s e d  ( V . V .  S t r u m i n s k i y ,  N . K .  L e b e d ' ) .  
N u m e r i c a l  m e t h o d s  f o r  d e s i g n i n g  w i n g s  o f  t h e  p r e s e n t  s h a p e s  were 
c o n s t r u c t e d  cia t h e  b a s i s  o f  t h e  a i r f o i l  t h e o r y  ( P . I .  C h u s k i n ,  G . A .  
K o l e s n i k o v ,  S.M. B e l o t s e r k o v s k i y ,  and  o t h e r s ) .  

S u p e r s o n i c  S p e e d s .  I n  t h e  t r a n s i t i o n  o f  a v i a t i o n  t o  s u p e r -  
s o n i c  f l i g h t  s p e e d s ,  t h e  T s A G I  met up w i t h  a number of new p r o b l e m s .  
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One o f  them was t h e  d e v e l o p m e n t  o f  t h e  t h e o r y  of s u p e r s o n i c  g a s  
f l o w s  which  d i f f e r  i n  t h e i r  p r o p e r t i e s  f r o m  s u b - o n i c  o n e s .  A s o l u -  
t i o n  t o  t h i s  p r o b l e m  r e q u i r e d  i n v e s t i g a t i o n s  o f  d i f f e r e n t i a l  e q u a -  
t i o n s  which  d e s c r i b e  s u p e r s o n i c  f l o w s  and t h e  d e v e l o p m e n t  o f  gen -  
e r a l  me thods  f o r  i n t e g r a t i n g  them (F.I. F r a n k l ' ,  S.A. K h r i s t i a n o v i c h ) .  

An i r ; a i y s i s  o f  t h r e e - d i m e n s i o n a l  
s u p e r s o n i c  g a s  f l o w s  a r o u n d  w i n g s  
a.ld b o d i e s  o f  d i f f e r e n t  c o n f i g u r a -  
t i o n s  was t h e  most c o m p l e x  t a s k  
f r o m  t h e  t h e o r e t i c a l  p o i n t  of 
v i e w  a n d  t h e  mos t  i m p o r t a n t  i n  
p r a c t i c a l  a s p e c t .  A s  a r e s u l t  
o f  t h e  s t t d i e s  wh ich  were c a r r i e d  
o u t ,  a number of new a n d  p r e c i s e  
s o l u t i o n s  were  o b t a i n e d  f o r  g a s -  
d y n a m i c a l  e q u a t i o n s  ( A . A .  N i F o l '  
s k i y ) .  A f r u i t f u l  me thod  f o r  
a p p r o x i m a t i v c .  i n t e g r a t i o n  o f  t h e  

0 ,  e q u a t i o n s  o f  c h a r a c t e r i s t i c s  was 
p r o p o s e d  f o r  a x i s y m m e t r i c  g a s  
f l o w s  a r o u n d  r o t a t i n g  b o d i e s  
( A . A .  D o r o d n i t s y n ) ,  wh ich  a l s o  
u s e d  t h e  s t r e a m l i n i n g  o f  r o t a t i n g  
b o d i e s  a t  a n g l e s  of a t t a c k  f o r  
t h e  c a l c u l a t i o n s  ( V . V .  S y c h e v ) .  

7 
7 
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r io 10 a. T t . e  ~ c i e n t i s t s  of  T s A G I  a l s o  

I n c r e a s i n g  t h e  L i f t  by  Mech- t h e  f i e i d  of  t h e  t h e o r y  o f  a wing  
a n i z a t i o n  o f  t h e  Wing and  Bound- of  f i n i t e  s p a n  ( S . C .  F a l ' k o v i c h ,  
a r y - L a y e r  C o n t r o l .  M.I. G u r e v i c h ,  V . M .  S h u r y g i n ,  

s y s t e m s  ( G . I .  Taganov)  i n  a s u p e r s o n i c  f l o w .  

s o l v e d  a ,lumber o f  p r o b l e m s  i n  

M.F. P r i t u l o )  and  o t h e r  l i f t i n g  

A new a p p r o a c h  t o  + h e  s o l u t i o n  o f  p r o b l e m s  of f i n d i n g  t h e  -- -- 
t i m a l  a e r o d y n a m i c  forms u s i n g  a r e c o r d  of t h e  v a r i a t i o n  c o n d i t  
f J r  t h e  end  c h a r a c t e r i s t i c  of t h e  s u r f a c e  was f o u n d  t o  b e  v e r y  
f r u i t f u l  ( A . A .  N i k o l ' s k i y ) .  T h i s  a p p r o a c h  was s u b s e q u e n t l y  u s e .  
t o  a g r e a t  e x t e n t  i n  D r d e r  t o  s o l v e  many p r o b l e m s  c o n c e r n i n g  w i n g s  
a n d  r o t a t i n g  b o d s e s  w i t h  minimum d r a g  ( M . N .  Kogan, V . N .  Z h i g u l e v ,  - / 4 1  
Yu.L. Z h i l i n ) .  

T h e c r e t i c a l  arid Cxper imeTi ta l  s t u d i e s  i n  t h e  f i e l d  o f  s u p e r s o n i c  
a e r o d y n a m i c s  g u a r a n t e e d  t h e  s u c c e s s f u l  a c c o m p l i s h m e n t  o f  a number 
o f  s t u d i e s  d i r e c t e d  t o w a r d  t h e  c o n s t r u c t i o n  of  a e r o d y n a m i c  d e s i g n s  
f o r  s u p e r s o n i c  a i r c r a f t  cf d i f f e r e n t  t y p e s .  TLin  d e l t a  w i n g s  a n d  
l a r g e  swepcback  w i n g s  were u s e d  f o r  s u p e r s o n i c  a i r c r a f t  i n  o r d e r  
t o  make a g r e a t  d e c r e a s e  i n  t h e  s h o c k  d r a g ,  and  i n  o r d e r  t o  g u a r -  
a n t e e  a smooth  c h a n g e  i n  a l l  t h e  b a s i c  a e r o d y n a m i c  c h a r a c t e r i s t i c s  
( i n c l u d i n g  t h e  c h a r a c t e r i s t i c s  of  s t a b i l i t y  and  c o n t r o l l a b i l i t y  i n  
t r a n s i t i o n s  t h r o u g h  t h e  s p e e d  of s o u n d )  (V.V. S t r u m i n d k i y ,  G.S. 
Byushgens ,  G.V. A l e k s a n d r o v ,  K . K .  K o s t y u k ,  P . P .  K r a s i l ' s h c h i k o v ,  
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v e r y  s u b s t a n t i a l .  Here, f o r  t h e  f i rs t  t i m e ,  t h e  t h e o r y  o f  t h r e e -  
d i m e n s i o n a l  h y p e r s o n i c  f l o w s  a r o u n d  t h i n  b o d i e s  a t  a r b i t r a r y  a n g l e s  
of  a t t a c k  was d e v e l o p e d  ( V . V .  S y c h e v ) ,  new q 1 , a l i t a t i v e  r u l e s  f o r  
t h e  s t r e a m l i c i n g  o f  b l u n t  b o d i e s  were d i s c o v e r e d  ( V . V .  Sychev ,  M.D. 
L a d y z h e n s k i y ) ,  and t h e  s p e c i f i c  p r o p e r t i e s  of complex b o d i e s  w i t h  
c o m p r e s s i o n  l a y e r s  and ae rodynamic  c h a r a c t e r i s t i c s  c h a n g i n g  s h a r p l y  
i n  t e rms  of Mach numbers were e s t a b l i s h e d  (GbI. Taganov) .  An e f f e c -  
t i v e  n u m e r i c a l  method f o r  i n t e g r a l  r e l a t i o n s h i p s  w a s  p r o p o s e d  i n  
o r d e r  t o  so lve  a l a r g e  number o f  g a s - d y n a m i c a l  p r o b l e m s ;  it w a s  t h e  
f irst  t o  per;it c a l c u l a t i o n s  of t h e  s t r e a m l i n i n g  of a b l u n t  body 
w i t h  a n  u n a t t a c h e d  shock  wave ( A . A .  D o r o d n i t s y n ) b  

The movement of  b o d i e s  a t  h y p e r s o n i c  s p e e d s  i s  c o n n e c t e d  w i t h  
v e r y  h i g h  t e m p e r a t u r e s  of g a s  h e a t i n g  i n  i n t e n s i v e  s h o c k  waves and  
boundary  l a y e r s .  T h i s  r e s u l t s  i n  t h e  need f o r  c Q n s i d e r i n g  t h e  
c o r r e s p o n d i n g  c h a n g e s  i n  t h e  thermodynamic p r o p e r t i e s  and c h e m i c a l  
c o m p o s i t i o n  of t h e  g a s ,  a n a  r a i s e s  t h e  most i m p o r t a n t  p rob lem of 
s t u d y i n g  ae rodynamic  h e a t i n g  and  t h e  deve lopmen t  of means for h e a t  
p o t e c t i o n  of t h e  s u r f a c e  of 3 y p e r s o n i c  a i r c r a f t .  

A l a r g e  number of t h e o r e t i c a l  and e x p e r i m e n t a l  s t u d i e s  c a r r i e d  
o u t  by s c i e n t i s t s  of T s A G I  d u r i n g  t h e  most r e c e n t  p e r i o d  h a s  b e e n  
d e d i c a t e d  t o  t h e s e  p r o b l e m s .  We s h o u l d  first o f  a l l  m e n t i o n  t h e  
s e r i e s  of s t u d i e s  on  t h e  h e a t  t r a n s f e r  t o  t h e  s u r f a c e  of b o d i e s  of  
v a r i o u s  s h a p e s  i n  a h y p e r s o n i c  f l o w  ( G . I .  Maykapar,  V . Y a .  Borovoy,  
H.V. Ryzhkova a n d  o t h e r s ) ,  which i n v o l v e s  t h e  deve lopmen t  of new 
e x p e r i m e n t a l  me thods  f o r  t h e i r  d e t e r m i n a t i o n .  T h e o r e t i c a l  s t u d i e s  
a t t e m p t i n g  t o  e x p l a i n  t h e  e f f ec t  of  t h e  r a d i a t i o n  o f  t h e  a i r  on 
t h e  f i e l d  of a h y p e r s o n i c  f l o w  and t h e  l e v e l  of t h e r m a l  f l u x e s  
( V . N .  Z h i g u l e v ,  V . Y a .  Neyland ,  and o t h e r s )  had g r e a t  s i g n i f i c a n c e .  
Great a c h i e v e m e n t s  were made i n  e x p l a i n i n g  t h e  e f fec t  of  t h e  i n t e r -  
a c t i o n  of a boundary  l a y e r  and  a n  e x t e r n a l  f l u x  on  t h e  ae rodynamic  
c h a r a c t e r i s t i c s  of wings  and  b o d i e s  i n  a h y p e r s o n i c  f l o w  (!!.Do 
Ladyzhensk iy ,  V . V .  Mikhaylov ,  V.W. Gusev) ,  as w e l l  a s  t h e  e f f e c t  
o f  t h e  m o l e c u l a r  s t r u c t u r e  of t h e  gas on  t h e  a e r o d y n a m i c s  of a 
h y p e r s o n i c  f l i g h t  i n  t h e  u p p e r  l a y e r s  of t h e  a t m o s p h e r e  (M.N. Kogan) .  
A c c u r a t e  p a r t i c u l a r  s o l u t i o n s  t o  t h e  Boltzmann e q u a t i o n  were ob- 
t a i n e d  ( A . A .  N i k o l ' s k i y ,  V.S. G a l k i n )  a n d ,  f i n a l l y ,  t h e  f u n d a m e n t a l  
t h e o r e t i c a l  r e s u l t s  of s t u d i e s  of t h e  m o t i o n  of an i o n i z e d  g a s  i n  
e l e c t r i c a l  and m a g n e t i c  f i e l d s  were p r e s e n t e d  ( V . N .  Z h i g u l e v ,  M.N. 
Kogan) 

T h e o r e t i c a l  and  e x p e r i m e n t a l  s t u d i e s  i n  t h e  f i e l d  of h y p e r s o n i c  
a e r o d y n a m i c s  p e r m i t t e d  t h e  T s A G I  t o  expand t h e  s e a r c h  f o r  d e s i g n s  
of h y p e r s o n i c  a i r c r a f t .  S p e c i a l  g a s - d y n a m i c a l  d e v i c e s  d e s i g n e d  for 
h i g h  Ma numbers and  grea t  h e a t  f l u x e s  were c o n s t r u c t e d  f o r  e x p e r i -  
m e n t a l  s t u d i e s  i n  t h e  f i e l d  of h y p e r s o n i c  s p e e d s .  

The i n v e s t i g a t i o n s  o f  t h e  o p t i m a l  t r a j e c t o r i e s  and  f l i g h t  re-  
gimes of a i r c r a f t  of d i f f e r e n t  t y p e s ,  b a s e d  o n  t h e  c o n d i t i o n s  f o r  
o b t a i n i n g  s p e c i f i e d  f l i g h t  d a t a ,  a r e  of  s u b s t a n t i a l  i n t e r e s t  (L.M. 
Shkadov, G.L.  Grodzovsk iy ,  Yu.N. I v a n o v ,  V . A .  I l ' i n ) .  
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s t u d y  a number of p rob lems  o f  t h e  skimming,  v i b r a t i o n  o f  b o d i e s  
below t h e  water,  and  t h e  t h e o r y  o f  waves o n  t h e  s u r f a c e  o f  a heavy  
f l u i d  (N.V. KelCysh, N . Y e .  Kochin .  L . I .  S e d o v ) .  

Dur ing  World War 11, t h e  I n s t i t u t e  c a r r i e d  o u t  s t u d i e s  on t h e  
ht-drodynamics of s h i p s ,  f o r m u l a t e d  a h y d r o d y n a E i c  t h e o r y  of r o c k i n g  
(2.D. K h a s k i n d ) ,  a r d  s o l v e d  t h e  p r o b l e m s  o f  t h e  d r a g  of b o a t s ,  
wiudward bank'x:;, t h e  hydrodynamics  of r u d d e r s ,  d i e s e l  p r o p e l l e r s  
and t h e i r  i t t e r a e t i o n  w i t n  t h e  body. 

The s c i . e n t i s t s  of T s A G I  c a r r i e d  o u t  s t u d i e s  i n  t h e  1 9 4 0 ' s  
which t r e a t e d  t h e  a r i s a l  of c a v i t a t i o n ,  o b t a i n e d  a n  a p p r o x i m a t i n g  
e q u a t i o n  f o r  t t ; d  e x p a n s i o n  of t h e  c a v i t y  c o n t o u r ,  and  p r o p o s e d  t h e  
" p r i n c i p l e  of i n d e p e n d e n c e  of e a v i t - j  e x p a n s i o n "  ( G O v b  L o g v i n o v i c h ,  
L O A .  E p s h t e y n ) .  Later  ( m i d d l e  of t h e  S O ' S ) ,  a number of p r o b l e - s  
c o n c e r n i n g  t h e  r a d i d  e n t r y  of b o d i e s  i n t o  water were s o l v e d ,  p a r -  
t i c u l a r l y  t h e  pyoblem of v e r t i c a l  submeps ion  of a p a n e l ,  c o n e ,  
sphere and o t h e r  bodies .  T h e s e  r e s u l t ?  b r o u g h t  a b o u t  t h e  d e v e l o p -  
ment of t h e  t h e o r y  of g l i d i n g  of 10~16 b o d i e s ,  which  was b a s e d  on 
$he a n a l o g y  of The m o t i o n  of a f l u i d  i n  t r a n s v e r s e  p l a n e s  d u r i n g  

X d h g  and r a p i d  e n t r y  of a body i n t o  water (G.V. L o g v i n o v i c h ,  
. A .  Soko lov ,  L . I .  T ikhonov) .  

S y s t e m a t i c  experimental i n v e s t i g a t i o n s  of submerged w i n g s  
a i d e d  i n  e s t a b l i s h i n g  t h e  p r i n c i p l e  d e r i v e d  i n  o u r  c o u n t r y ,  of t h e  
s t a b i l i z a t i o n  of craf t  d u e  t o  t h e  d e c r e a s e  i n  l i f t  of t h e  w i n g s  
i n  a p p r o a c h i n g  t h e  f r e e  s u r f a c e  of t h e  water,  as w e l l  as t h e  c h a n g e  
i n  t h e  w e t t e d  s u r f a c e  of t h e  w i n g s  i n  p - s s i n g  t h e  f r e e  s u r f a c e  o f  

i n g  t h e  S o v i e t  c ra f t  "Raketa" ,  "Meteor", e tc  . - t h e  water. T h e s e  p r i n c i p l e s  were r e a l i z e d  s u c c e s s f u l l y  i n  d e s i g r -  / 4 5  - 

I n d u s t r i a l  Aerodynamics.  Numerous p r o b l e m s  of a e r o d y n a m i c s  
r e l a t i v e  t o  v a r i o u s  b r a n c h e s  of t e c h n o l o g y  are b e i n g  d e v e l o p e d  a t  
T s A G I .  S t u d i e s  on t h e  t h e o r y  of hydrodynamic  n e t w o r k d ,  which  were 
begun by  M.Pe. Zhukovsk iy ,  S.A. C h a p l y g i n  and o t h e r s ,  were con- 
t i n u e d  after? t h e  War and b r o u g h t  up t o  e n g i n e e r i n g  u s a g e  ( L . A .  
Simonov, E.L. Blokh ,  S.M. B e l o t s e r k o v s k i y ,  A . S .  G i n a v s k i y ,  Bo#. 
K i s e l e v ) .  An e x p e r i m e n t a l  s t u d y  o f  p l a n e  p r o f i l e  a r r a y s  a n d  mode l s  
of a x i a l  c o m p r e s s o r s  r e s u l t e d  i n  t h e  c o n s t r u c t e d  of a n  e f f e c t i v e  
method for p r o f i l i n g  s t a t i o n a r y  a x i a l  c o m p r e s s o r s  and a x i a l  ven-  
t i l a t o r s  ( S . 8 .  Dovzhik ,  K.A.  ' J shakov,  I.V. B r u s i l o v s k i y ) .  

A method for a e r o d y n a m i c a l  c a l c u l a t i o n  o f  c e n t r i f u g a l  ven-  
t i l a t o r s  was p r o p a s e d  0-1 t h e  basis of sys temat ic  e x p e r i m e n t a l  
s t u d i e s  ( i n  t h e  30's m d  40's) a t  T s A G I  v e n t i l a t o r s  are  b e i n g  con-  
s t r u c t e d  f o r  t h e  me+ro i n  Moscow and o t h e r  c i t i e s  of t h e  c o u n t r y ,  
for t h e  m i n i n g  i n d u s t r y ,  and t h e r m a l  e l e c t r i c  power p l a n t s .  Gigan-  
t i c  v e n t i l a t o r s  w i t h  d i a m e t e r  of 10-20  m are made a c c o r d i n g  t o  t h e  
ae rodynamic  d e s i g n s  of t h e  I n s t i t u t e  f o r  w a t e r - c o o l i n g  towers ,  as 
are t h e  a u l t i - s t a g s  c o m p r e s s o r  of t h e  f i rs t  S o v i e t  gas t u r b i n e  
s y s t e m ,  and m i n i a t w e  ( w i t h  diameter of 30-120 m m )  a x i a l ,  c s n t r i -  
fuga1  and other v e n t i l a t o r s  u s e d  f o r  cooling a p p a r a t u s .  S u b s t a n t i a l  
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c a l l e d  " f l u t t e r " .  A v e r y  r a p i d  i n c r e a s e  i n  s u s t a i n e d  o s c i l l a t i o n s ,  
which  i s  c h a r a c t e r i s t i c  o f  f l u t t e r ,  u s u a l l y  T e s u l t e d  i n  t h e  d i s i n -  
t e g r a t i o n  of a n  a i r c r a f t  i n  t h e  a i r .  

The t h e o r y  o f  t h i s  complex  phenomenon was d e v e l o p e d  a t  T s A G I  
( M . V .  K e l d y s h ) .  I t  showed t h a t ,  f o r  n o n - c o n s e r v a t i v e  m e c h a n i c a l  
svstems w i t h  d i s t r i b u t e d  p a r a m e t e r s ,  a n  equiva-1 ent d e s c r i p t i o n  of  
t h e  o s c i l l a t i o n s  w a s  p o s s i b l e  w i t h  e q u a t i o n 3  fc.r a f i n i t e  number 
o f  d i s c r e t e l y  s p e c i f i e d  forms ( d e g r e e s  G f  freebc-m) w i t h  t h e  sub- 
s e q u e n t  u s e  of t h e  B u b n o v - G a l e r k i n  method +or i n t e g r a t i o n  of t h e  
e q u a t i o n s .  The p o s s i b i l i t y  o f  c s i n g  s t a t i o n a r y  a e r o d y n a m i c s  f o r  
d e t e r m i n i n g  t h e  . -e rodynamis  f c r c e s  a c t i n g  on  hn o s c i l l a t i n g  wing  
was a l s o  d e m o n s t r a t e d .  Some s c i e n t i s t s  a t  T s A G I  p r o p o s e d  a p r a c -  
t i c a l  metho6 f o r  d e t e r m i n i n g  t h e  c r i t i c a l  method f o r  d e t e r m i n i n g  
t h e  c r i t i c a l  f l u t t e r  v e l o c i t y ,  w h i c h  was w i d e l y  u s e d  i n  a i r c r a f - ?  
d e s i g n i n g  ( M . V .  K e l d y s h ,  Ye.P. Grossman,  Ya.#. P a r k h o m o v s k i y ,  L . S .  
Popov) .  A p r a c t i c a l  method o f  d e t e r m i n i n g  t h e  c r i t i c a l  f l u t t e r  
v e l o c i t y  o f  t h e  r o t a t i n g  b l a d e  of a h e l i c o p t e r  i n  t h e  f i e l d  of 
c e n t r i f u g a l  f o r c e s  w a s  a l s o  d e v e l o p e d  la-cer (M.S. G a l k i n ,  A . V .  
N e k r a s o v ,  V . D .  I l ' i c h e v  and  o t h e r s ) .  A t  t h e  p r e s e n t ,  t h e  p r o b l e m  
of f l u t t e r  is b e i n g  s o l v e d  t h e o r e t i c a l l y  o n  t h e  b a s i s  o f  t h e  Bub- 
nov-Ga le i8k in  method a n d  c o n c e n t r a t e d  masses, w i t h  a w i d e - s p r e a d  
u s a g e  of e l e c t r o n i c - c o m p u t e r  t e c h n o l o g y  i n  b o t h  cases ( S . P .  S t r e l -  
k o v ,  N . N .  D o r o k h i n ,  Y e . 1 .  S o b o l e v ,  V . G .  Bun 'kov ,  A . F .  Minayev a n d  
o t h e r s ) .  
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For a p r a c t i c a l  s o l u t i o n  t o  t h e  p r o b l e m s  of a e r o e l a s t i c i t y ,  
t h e  e x p e r i m e n t a l  method of  d e t e r m i n i n g  t h e  c r i t i c a l  f l u t t e r  v e l o c i t y  
on d y n a m i c a l l y  s imi l a r  m o d e l s  i n  wind t u n n e l s  i s  v e r y  i m p o r t a n t ;  
t h e  works  of L.S. Popov,  N . V .  A l ' k h i m o v i c h ,  B . A .  K i r s h t e y n ,  V . V .  
L y s - c h i n s k i y  a n d  o t h e r s  had  g r e a t  s i g n i f i c a n c e  i n  t h e  d e v e l o p m e n t  
of  t h i s  me thod .  

S t a t i c  S t r e n g t h .  The b e g i n n i n g  o f  s t u d i e s  i n  t h e  f i e l d  of 
s t a t i c  s t r e n g t h  w a s  c o n n e c t e d  w i t h  t h e  d e v e l o p m e n t  of p r o b l e m s  i n  
t h e  s t r u c t u r a l  m e c h a n i c s  o f  a n  a i r c r a f t  a n d  t h e  o r i g i n a t i o n  of t h e  
f i r s t  c o u r s e s  i n  a i r c r a f t  s t r e n g t h  (V.P. V e t c h i k i n ,  A . M .  C h e r e m u k h i n ,  
G . G .  R o s t o v t s e v ) ,  a s  w e l l  a s  t h e  c o n s t r u c t i o n  of  t h e  t h e o r y  and  
e n g i n e e r i n g  m e t h o d s  o f  t e s t i n g  t h e  s t r e n g t h  of t h e  f r e e - l i f t i n g  
wing of a monop lane  ( V . N .  Belyayev).  The  i d e a  of  t h e  s t r u c t u r e  o f  
a wing  a s  a u n i t  boom o p e r a t i n g  on  d e f l e c t i o n  a n d  t o r s i o n  was p r o -  
p o s e d  on  t h e  b a s i s  of  t h e  method of d e t e r m i n i n g  t h e  s t a t i c  s t r e n g t h .  
I n  d e t e r m i n i n g  t h e  l i f t i n g  c a p a c i t y  of a s t r u c t u r e ,  t h e  r e d u c t i o n  
c o e f f i c i e n t s  were t a k e n  i n t o  c o n s i d e r a t i o n ;  d u e  t o  t h i s ,  t h e  e n t i z e  
s e c t i o n  o f  a wing  c o u l d  b e  r e d u c e d  t o  a f i c t i t i o u s  m a t e r i a l  w i t h  
a u n i t  modu lus  o f  e l a s t i c i t y  o b e y i n g  t h e  Hooke law a l l  t h e  way t o  
d i s  i n t  e g r a t  i o n .  

Methods  o f  d e s i g n i n g  t h e  wing of  a monop lane  and  s i n g l e  p r o -  
p u l s i o n  e l e m e n t s  i n  it were s u b s e q u e n t l y  d e v e l o p e d  (A.Yu. Romashev- 
s k i y ,  G.S. Y e l e n e v c k i y ,  V . F .  K i s e l e v ,  A . A .  Umanskiy,  R . A .  Adadurov ,  
L . I .  B a l a b u k h ,  I . A .  S v e r d l o v  and  o t h e r s ) ,  a n d  d e s i g n s  were d e v e l o p e d  
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